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THIONYLAMINES 
By KENNETH C. KENNARD* 


Thionylamines (I) are related structur- 
ally, by virtue of their terminal cumu- 
lated unsaturation, to ketenes (II), iso- 
cyanates (III), and isothiocyanates (IV). 


AR—N=S%0 R—CH=C=0 
I II 

R—N=C=0 R—N=C=S 
bine Iv 


Thionylamines are substituted imides of 
sulfurous acid and are analogues of 1so- 
cyanates (substituted imides of carbonic 
acid). Thus, the two series resemble each 
other in some respects, notably in their 
mode of preparation and in their reac- 
tion with organometallic compounds. 

Apparently, the first recorded prepara- 
tion of a thionylamine was by Bottinger 
(3), in 1878. He identified aniline hydro- 
chloride ji the reaction of thionyl 
chloride and aniline and he isolated, 
but did not identify, the other product, 
a “dark oil.” About ten years later, 
Michaelis characterized thionylaniline 
and recognized in its preparation a gen- 
eral reaction which he extended to in- 
clude about 75 amines. During the fol- 
lowing decade, he directed so thorough 
a study of thionylamines that little syn- 
thetic work remained to be done. In sev- 
eral random cases where thionylamines 
were prepared in these Laboratories, the 
reproducibility of Michaelis’s early work 
was found to be excellent. 

The most general synthesis involves 


the reaction of thionyl chloride with the 
amine, usually in the presence of a hydro- 
carbon or ether as the solvent. (This 


R—NH,+SOCL —» A—NSO+2HCI 


reaction is reminiscent of the synthesis 
of isocyanates by the reaction of amines 
with phosgene.) In the aliphatic series, 
a molar ratio of amine to thionyl chlo- 
ride of three to one is used. In the aro- 
matic series, the reaction may be carried 
out similarly or the amine hydrochloride 

may be used. In the latter case, an excess 
of thionyl chloride is employ ed, and the 
solution is boiled until the hy drogen 
chloride evolution has effectively ceased. 

Aromatic amino acids react with thi- 
onyl chloride to give, in part, amides 
which result from the reaction of the by- 
product, carboxylic acid chloride, with 
the amine group of another molecule. 
This tendency may be overcome by 
using the lead or silver salt of the amino 


acid (1). 


f 1 
C—O—M C-Cl 
NH, NSO 


A synthesis which avoids side reac- 
tions, such as the chlorination of carbox- 
ylic acids or salt formation with other 
basic centers in the molecule, involves 
the disproportionation reaction between 
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the desired amine and thionylaniline 
(10). Presumably, the reacting amine 


AR —NH, + € \-ns0 —} 


R—nso+¢ \ NH, 


must possess characteristics which are 
sufficiently different from those of ani- 
line that the dispreportionation will 
take place nearly completely. Obviously, 
a means of separating the thionylamine 
from the starting materials and the other 
product, aniline, must also be available. 

In a few isolated cases (hydrazines), 
the thionylamine has been prepared 
from the amine and sulfur dioxide. 

Although much of the older literature 
contains no reference to yields, it is ap- 
parent that, in many cases, they are 
high, particularly among the simpler 
compounds. However, thionylamine for- 
mation is by no means restricted to sim- 
ple molecules. The generality of this 
series may be realized by a study of 
References I, 2, 4, 6, 8-12, and 14, which 
describe the known thionylamines, of 
which there are about Ioo. 

Although meta- and paraphenylene- 
diamine react normally with thiony] 
chloride to give meta- and _ paradithi- 
onylaminobenzene, the orthodiamine re- 
acts with either thiony] chloride, thionyl- 
aniline, or sulfur dioxide to produce 
2-thia-1,3-diazaindene (2,1,3-benzothia- 
diazole) (V) (in the older literature 
called “piazthiol’’) (10). Substituted 


NH,"HCl ZN 
CL + SOCL,—? - 
NH,°HCL N 
Vv 


o-phenylenediamines and_1,2-diamino- 
naphthalene also give this reaction (10). 

Apparently, benzylamine reacts anom- 
alously with thiony] chloride to give benz- 
aldehyde and benzylamine hydrochlo- 


ride. Benzaldehyde or benzalaniline also 


result from the reaction of thionylaniline 
and benzylamine (10). Similar reactions 
are reported for benzhydry!lamine and 
for the xylylamines (11). 

Aminophenols evidently do not form 
thionylamines by the use of thionyl 
chloride (10). However, alkylated amino- 
phenols, e.g., the anisidines, do. 

Aliphatic thionylamines are colorless 
liquids of acrid, pungent odor which 
fume in moist air. The boiling point of 
the thionylamine is generally 50° to 65° 
higher than that of the amine, the incre- 
ment decreasing with increasing molec- 
ular weight of the amine. The aromatic 
members are colored solids or deep red 
oils, the depth of color depending to 
some extent on the other ring substitu- 
ents. This series possesses an aromatic, 
not unpleasant, odor and generally boils 
from 6° to 25° higher than the parent 
amine. 

In general, thionylamines react in 
aqueous solution to give the amine and 
sulfur dioxide (10). The reaction is in- 


R—NSO +H,0 ——> R—NH,+ SO, 


fluenced greatly by the solubility and 
structure of the amine (2, 10). Lower- 
molecular-weight aliphatic thionyl- 
amines are very unstable in the presence 
of water, while higher-molecular-weight 
aliphatic and aromatic ones are more 
stable. Hindered aromatic members, 
such as thionylmesidine (VI) and 3,5- 
dichloro-2-thionylaminotoluene (VII), 
may be steam-distilled without appre- 
ciable decomposition. In any case, aque- 


NSO CH, 
HC CH, NSO 
cl cl 
CH, 
wu vw 


ous acid or base decomposes thiony]l- 
amines rapidly. 

Michaelis reported the reaction of thi- 
onylaniline with equimolar quantities of 
aniline and water to give an unstable 
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white solid (VIII), as follows (11): 


(\-180+ (\-myenp 
(C\— bd) (Nw 


Vl 


This reaction has not been verified and, 
indeed, subsequent work has established 
the veracity of the following reaction (7): 


a \-mn, + SO, + H,0 —> 


Compound IX was found to resemble 
Michaelis’s white compound in all par- 
ticulars. The very unstable nature of the 
acid and normal anilinium sulfites very 


probably contributed to the failure of 


the early workers to characterize them 
properly. 

Michaelis also reported the formation 
of a general derivative of thionylamines 
(11). Formation of this derivative re- 
quires the heating together of equimolar 
quantities of thionylamine, the amine, 
benzaldehyde, and water. The structure 
postulated resembles that of the nonex- 
istent compound, VIII. Consequently, 
reasonable doubt exists concerning the 
structure of these derivatives. 

Bromine and chlorine react with thi- 
onylaniline, forming the trihaloaniline 


(X) (10, 11). 


x. x 
3x, + mo + SOX, 
x 
x 


Thionylaniline, by reaction with or- 
ganometallic compounds, affords a syn- 
thesis of sulfinanilides (5). Gilman and 


co-workers (5) reported 80 and 61 per- 
cent yields for the reactions in which R = 
phenyl and benzyl, respectively, while 


A—Mg—Br + ( \-ns0 inna 
t 
Le) 


XL 


other workers reported slightly lower 
yields (13). For the case where R = 
ethyl, a 37 percent yield is recorded (13). 
The general reaction of thionylamines 
and Grignard reagents is analogous to 
the reaction of isocyanates and Grignard 
reagents. Lithium aryls react similarly; 
thus, phenyllithium and «-naphthyllithi- 
um have been employed to prepare sul- 
finanilides (XI), where R = phenyl and 
a-naphthyl, respectively (12). 

Recently, a Diels-Alder type of reac- 
tion leading to a hitherto unknown het- 
erocycle was reported (14). Butadiene 
and 2,3-dimethylbutadiene reacted with 
various aromatic thionylamines to pro- 
duce 2,3-dihydro-6H-1,2-thiazine-1-ox- 
ides (XII). p-Dithionylaminobenzene re- 


: 
CH==CH—CH=CH, + A—NSO —— 


acted once with lati 
and, with subsequent hydrolysis of the 
remaining thionylamino function, af- 
forded 4,5-dimethyl-2-(4-aminopheny])- 
2,3-dihydro-6H-1,2-thiazine-1-oxide 


(XITT). 
$70 
od Om, 


The yields were reported to range 
from 40 to 88 percent for the thionyl- 
amines used. The reactions were carried 
out simply by heating the diene and the 
thionylamine together, without a sol- 
vent, for several hours. These adducts 
may ‘become of considerable importance 
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because they can readily be converted to 
pyrrolidine derivatives. 

The most apparent dissimilarity be- 
tween isocyanates and thionylamines in- 
volves their behavior towards amines. 
This difference may be represented sche- 
matically thus: 


O 


I 
R—N=C=O0 + ANH, —+A—NH—C—NH—P 
Q 


7 
R—N=S70 + R—NH, 7+ R—NH—S—NH—-A 


Whereas isocyanates readily produce 
amides of carbonic acid (ureas), thiony]- 
amines either do not react at all, or un- 
dergo an interchange of radicals, as 
shown at the bottom of p. 2 (11). 
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Methyl Mercaptoacetate 





7119 


be 42-45 /10 Mim... ............... 


CH,SHCOOCH3. . .MW 106.15 
5084 
4-NH2Ci0H6CioH6-4-NH2. . 
7157 


2-Ethylpyridine BP 148-149°.......... 
N :CC:H;CH :CHCH:CH. . .MW 107.16 


4-Ethylpyridine BP 166-167°.......... 
N :CHCH:CCoH;CH:CH.. .MW 107.16 


Naphthidine MP 204.5-206°............000.0.00..... 
.MW 284.36 
Oxalyl Dihydrazide MP 240° dec....... 


NH2NHCOCONHNH:2.. .MW 118.10 


P 4617 


a-Phenyl-n-butyric Acid (Pract.)....... 


. .$6.50 


25 g. ..$2.00 100 g. 


25g. .. 2.00 100 g. 6.50 


100 g. 8.50 


. 3.00 


1.35 100 g. 3.80 


1.95 500 g. 7.70 


CH;CH»CH(CsH;)COOH. . .MW 164.20 
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3-Phenylrhodanine MP 194-196°....... 


SCSN(C.sH;)COCH2. . .MW 209.30 
| a 





2.45 


100 g. 


8.25 
















Note: The subject matter contained in this Bu/etin is for information only, 
and none of the statements contained herein should be considered as a recom- 
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